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Abstract

Introduction: Although hand temperature and electromyograph biofeedback have evidence for 

migraine prevention, to date, no study has evaluated heartrate variability (HRV) biofeedback for 

migraine.

Methods: 2-arm randomized trial comparing an 8-week app-based HRV biofeedback 

(HeartMath) to waitlist control. Feasibility/acceptability outcomes included number and duration 

of sessions, satisfaction, barriers and adverse events. Primary clinical outcome was Migraine-

Specific Quality of Life Questionnaire (MSQv2).

Results: There were 52 participants (26/arm). On average, participants randomized to the 

Hearthmath group completed 29 sessions (SD=29, range: 2–86) with an average length of 6:43 

minutes over 36 days (SD=27, range: 0, 88) before discontinuing. 9/29 reported technology 

barriers. 43% said that they were likely to recommend Heartmath to others. Average MSQv2 

decreases were not significant between the Heartmath and waitlist control (estimate = 0.3, 95% CI 

= −3.1 – 3.6). High users of Heartmath reported a reduction in MSQv2 at day 30 (−12.3 points, 

p=0.010) while low users did not (p=0.765).
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Discussion: App-based HRV biofeedback was feasible and acceptable on a time-limited basis 

for people with migraine. Changes in the primary clinical outcome did not differ between 

biofeedback and control; however, high users of the app reported more benefit than low users.
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1. Introduction

Migraine is a costly neurologic pain condition that affects over 40 million Americans 

and is the second most disabling condition worldwide,1,2 accounting for 5.6% of years 

lived with disability.3 Biofeedback, cognitive behavioral therapy, and relaxation therapies 

are safe and well tolerated with level A evidence for migraine prevention4 and long 

lasting benefits.5 However, patient adherence to these therapies is often suboptimal.6,7 

Mobile health (mHealth) tools may provide an avenue to improve access to evidence-based 

behavioral interventions for migraine.

Biofeedback is a behavioral intervention that uses visual and/or auditory feedback from 

autonomic physiologic processes to allow a person to gain insight into how his or her 

body is impacted by thoughts, feelings, and conscious physical actions like breathing and 

exercise.8 Early investigations demonstrated efficacy of thermal biofeedback for migraine.9 

Recent evidence and advances in biofeedback have led many practitioners to embrace 

heart rate variability (HRV) biofeedback for the treatment of stress-related disorders.10 

People with higher and more complex HRV oscillation are more emotionally and physically 

resilient, while those with low HRV have generally impaired functioning.11 Although data 

suggests people with migraine demonstrate lower HRV than controls,12 no randomized 

clinical trials have evaluated HRV biofeedback for migraine.

Mobile health (mHealth) tools deliver behavioral healthcare interventions via mobile devices 

such as smartphones and tablets.13 The mHealth delivery modality can overcome systematic 

barriers to accessing behavioral interventions for migraine, and provide a gateway to health 

behavior change. Time, cost and difficulty finding providers are the most common barriers 

to initiating behavioral therapy for migraine.7,14–18 mHealth can address these barriers for a 

variety of behavioral targets and health conditions, including migraine.13,19–23

The current study aimed to evaluate whether an 8-week program of application (app)-based 

HRV biofeedback (HeartMath) was feasible and acceptable, and attained a significant 

signal for superiority compared to wait list control in improving migraine quality of 

life (Migraine-Specific Quality of Life Questionnaire; MSQv2).24 Secondary outcomes 

were validated MIDAS,25 depression (Patient Health Questionnaire-8; PHQ-8),26 anxiety 

(Generalized Anxiety Disorder-7; GAD-7),27 and insomnia (Insomnia Severity Index; 

ISI).28 We hypothesized that the slope of reduction in each outcome from baseline to 3 

months would be larger in the HRV group than the waitlist group.
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2. Methods

We conducted a two-arm randomized clinical trial comparing HRV biofeedback using 

HeartMath to waitlist control. The study team was trained in using HeartMath.[Supplement 

1] The study was approved by the Institutional Review Board of NYU Langone Health. 

All patients gave written informed consent. Clinical Trials registry can be found at http://

clinicaltrials.gov; NCT04077658.

2.1 Participants

Using consecutive recruitment, we screened in the electronic health records and approached 

potentially eligible patients presenting at an urban headache center from June 17, 2019-

October 17, 2019. Inclusion criteria included subjects who were 18+, were diagnosed with 

migraine (in accordance with ICHD3 criteria), had 4–20 headache days/month, had not 

utilized behavioral therapy for migraine within the past year, had access to a smartphone and 

wifi, spoke English, reported an education level of high school completion or higher, and 

agreed to not change migraine preventative treatments during the course of the study period. 

Figure 1 shows flow of participant recruitment.

2.2 Procedures

Participants were enrolled and completed baseline questionnaires on Day 0. Block 

randomization29 determined study arm designation. A study team member called patients on 

days 10, 30, 45, and 60 to troubleshoot problems and administer the follow-up assessment 

questionnaires. Primary and secondary outcomes data were captured on days 0, 30 and 

60 via phone calls with a study team member who inputted dictated responses into 

REDCap Participants not reached by phone were sent REDCap email surveys with the 

questionnaires.29

2.3 Arms

HeartMath.—HeartMath is an mHealth intervention that trains people to regulate their 

breathing to increase HRV. The HeartMath Innerbalance Sensor secures to the earlobe 

and reports HRV to a smartphone app which displays the information in a sine-wave-like 

pattern; a smoother wave indicated a higher level of “heart rhythm coherence,” which is 

the internal measure of quality use for the Inner Balance technology developed by the 

HeartMath Institute. A study team member downloaded and demonstrated the HeartMath 

app on the participant’s personal smartphones [Supplement 2]. Participants were instructed 

to do biofeedback at least two times a day for five minutes, or once a day for ten minutes 

every day for the 60-day study period. Email reminders every three days provided migraine 

education and encouraged adherence.

Waitlist Control.—Control participants received the HearthMath app and sensor with 

instruction after the study concluded.

2.4 Measures

Details of the measures can be found in Supplement 3. Brief descriptions are as follows:
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Baseline.—A detailed questionnaire about participants’ headache and other medical/

psychiatric history.

Feasibility and Acceptability.—Length and number of sessions completed was collected 

in-app. Coherence was assessed as a measure of treatment fidelity. Coherence was defined 

as follows: 0.5 basic–good beginner level, 1.0 good, 2.0 very good, and 3.0+excellent. A 

higher level of coherence would indicate more precise and appropriate engagement, whereas 

a lower level of coherence may indicate breathing that is out-of-time with the app pacer 

or an unconnected device. A 5-item questionnaire assessed likelihood of recommending 

Heartmath to others, adverse events and barriers to using Heartmath.

Primary Clinical Outcome.—The Migraine-Specific Quality of Life Questionnaire 

Version 2.1 (MSQ), assesses the impact of migraine on quality of life.24 Fourteen items 

assess role restriction, role prevention and emotion function. Response options range from 1 

(none of the time) to 6 (all of the time).

Secondary Clinical Outcomes.—The MIDAS is a 5-item survey assessing the number 

of days in the past 90 days participants reported role restriction or prevention.25 The 

GAD-727 and PHQ-826 assessed anxious and depressive symptoms. The Insomnia Severity 

Scale (ISI)28 assessed insomnia symptoms.

Treatment Facilitators.—Four 10-point rulers assessed self-efficacy and importance of 

behavioral treatment for managing migraine/headache.30,31

2.5 Analysis

A priori power analysis for the primary efficacy outcome indicated an n of 52 would provide 

a power of 0.95 a minimally important difference of d = 0.6 with moderate intraclass 

correlation estimates and alpha set at .05.

Demographics and primary and secondary outcomes at baseline were evaluated and 

visually inspected for distribution and outliers. Descriptive statistics were reported for all 

demographics and primary and secondary outcomes. Safety data and study flow were 

described. Categorical data were described using N and percentages; continuous data 

were described using means and standard deviations. Demographics and all primary and 

secondary outcomes were evaluated between treatment groups using t-tests (continuous, 

normal) Mann-Whitney U (continuous, non-normal) or chi-square (categorical). For all 

outcomes, random intercept mixed models for repeated measures evaluated changes over 

time in the intention to treat (ITT) (included all participants randomized to the Heartmath 

intervention group) and completer samples (all participants who completed the 8-week 

treatment or waitlist protocol).

Given the data on adherence issues in mHealth, we conducted a post-hoc latent class 

analysis.32–34 In the intervention group (n =26), weekly use was calculated using latent class 

analysis to group subjects into high and low users. Mixed models were used to evaluate 

group differences and changes over follow-ups in outcomes, app usage, coherence scores 

and attitudes toward behavioral therapy and the app.
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A priori, a decision was made to set alpha at 0.05, two-tailed, for all inferential tests. SPSS v 

25, SAS v 9.4, and R were used for all analyses.

3. Results

3.1 Background Data/Demographics

We enrolled 52 participants; the majority were White, Not-Hispanic and Female (Table 1). 

A substantial minority (38.5%, 20/52) of participants had sought care for migraine at the 

emergency room. Eight (16%) tried behavioral therapy (>1 year ago) and 17 (33%) had 

previously been recommended behavioral therapy but had never attended.

3.2 Feasibility and Acceptability

On average, there were 29 sessions (SD=29, range: 2–86) per person over the study 

period and it was used for 36 days (SD=27, range: 0, 88) before being discontinued. The 

average session length was 6 minutes and 43 seconds, with mean coherence scores of 3 

(SD=1.5, range: 0.3–7) per session. Coherence scores did not significantly change over time 

(p=0.237), or with the length of sessions (p=0.072).

During follow-up data collection, some participants (9/26) reported a range of technical 

issues using the device from not realizing the device’s battery was low to more serious 

technical issues like device hardware breaking. There were no adverse effects reported 

related to the intervention; one participant reported that s/he had had pneumonia and it was 

difficult to take big breathes without feeling uncomfortable. At the final study visit, the 

most important reasons app/sensor was used or not used as reported during final study visit 

were not having the sensor at all times; forgetting to do the sessions; finding time in the 

day; unable to practice the exercise while having a headache/migraine due to symptoms like 

photophobia; feeling self-conscious using the sensor in public.[Supplement 4]

Regarding recommending this device to others, between 21–28% of participants responded 

“Not likely” and “Definitely not” at any given follow-up, 29–42% reported “Neutral”, and 

31–43% reported “likely” or “very likely”. There also were no significant differences in 

responses to this question based on frequency of use (p=0.3158). At day 60, 33% of low 

users and 14% of the high users responded “Never” or “Rarely” to “I would recommend this 

device to others”. In the high users, 43% recommend it often or almost always, and another 

43% would sometimes recommend inner balance sometimes whereas 25% of low users 

recommended inner balance almost always or often while 42% recommend it sometimes 

(Fishers exact p-value=0.890).

3.3 Primary and Secondary Outcomes

In the intention to treat (ITT) Cohort (n=52), on average, MSQv2 scores decreased by 1.6 

per month in the waitlist group and 1.3 per month in the Heartmath group, however there 

was no change over time (p=0.1612); these slope differences were not significant (estimate 

= 0.3, 95% CI = −3.1 – 3.6). There were also no differences in the slopes of reduction for 

GAD (estimate = −0.4, 95% CI = −1.6 – 0.8), PHQ (estimate = −0.6, 95% CI = −1.8 – 0.6), 

Minen et al. Page 5

Gen Hosp Psychiatry. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



or ISI (estimate = −0.6, 95% CI = −1.9 – 0.8). The odds ratio for the rate of severe MIDAS 

between groups was not significant (estimate=1.2 95%CI 0.3 – 4.3).

In the completer cohort (our sensitivity analysis) (n=46), MSQv2 scores were similar, 

45(SD=15, n=22) in the intervention group and 44(SD=11, n=24) in the control group 

(p=0.834). On average, scores decreased by 1.6 per month in the waitlist group in and 1.4 

in the Heartmath group however these differences in slopes were not significant (estimate 

= 0.2, 95% CI = −3.2 – 3.6). There were also no differences in the slopes of reduction for 

GAD (estimate = −0.4, 95% CI = −1.6 – 0.8), PHQ (estimate = −0.6, 95% CI = −1.8 – 0.6), 

or ISI (estimate = −0.5, 95% CI = −1.9 – 0.8). The odds ratio for the rate of severe MIDAS 

between groups was not significant (estimate=1.1 95%CI 0.3 – 4.1).

3.4 Latent Class Analysis to determine potential differences in outcomes between high 
and low users

App users averaged 6 sessions (SD=3, range: 1–17) over 4 days (SD=2) per week. A 

latent trajectory model was used to divide participants into two latent classes based on the 

patterns of days used each week (Figure 2a). Of the 19 participants with app usage data, 

7 were placed into group 1, using the app 6 or more times per week in the first 2 weeks, 

3.6 days/week throughout the 12 weeks, and averaged 64 sessions (SD=18) total and 12 

participants were assigned to group 2 with much lower use throughout the study, averaging 

0.5 days/week.

As seen in Figure 2b, compared to baseline, MSQv2 scores were lower by an average of 

12.3 points (p=0.010) at day 30 and 8.4 points (p=0.063) at day 60 in the high users than the 

low users, which did not see significant changes in scores at either day 30 (p=0.765) or day 

60 (p=0.665).

PHQ 8 scores were on average about 6.2 points (p=0.008) lower in high users than low 

users. The was no change in scores at day 30 compared to baseline in high users (p=0.749) 

or low users (p=0.556). At day 60 there was a significant 5-point decrease compared to 

baseline in low users scores (p=0.033) but high users scores had still not changed compared 

to baseline (p=0.215).

Compared to low users, ISI scores were an average 6.3 points (p=0.024) lower in high users 

overall. This effect did not significantly change at day 30 (p=0.40) or day 60 (p=0.510). Low 

users also did not see a significant change in scores at day 30 (p=0.942) or day 60 (p=0.121). 

There were no significant effects of either frequency of use or time on GAD or MIDAS 

scores.

3.5 Other migraine questionnaire outcomes

In the Heartmath group, the mean self-efficacy response was 6.0 (SD=1.8, range: 2–9) in the 

group at baseline and 5.6 (SD=2.1, range: 2–8) at the 60-day follow-up. In the control group, 

the average score was 6.1 (SD=2.4, range: 0–10) at baseline and 6.3 (SD=1.8, range: 1–10) 

at day 60. There was no significant difference in self-efficacy between groups (p=0.643) or 

over follow-ups (p=0.379). The means of differences in responses to self-efficacy based on 

app use at baseline were similar, 5.7 (SD=2.4, range: 2–8) and 5.8 (SD=1.7, range: 3–9) for 
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high and low users, respectively. By day 60 high users mean self-efficacy increased to 5.9 

(SD=2.3, range: 2–8) while low users decreased to 5 (SD=2, range: 2–8) however neither 

the group differences (p=0.6113) between high users, low users, and the control, or changes 

over time (p= 0.410) were significant.

The mean outcome expectancy in the Heartmath group was 5.5 (SD=1.9, range:0–8) at 

baseline and 5.9 (SD=2.6, range 0–10) at day 60 and in the control group it was 6 (SD=1.7, 

range:3–9) at baseline and 5.8 (SD=2.2, range 1–10) at day 60. Similar to self-efficacy, 

there was no significant difference in outcome expectancy between groups (p=578) or over 

follow-ups (p=104). Similar to what was seen for self-efficacy confidence in management, 

there were no significant differences in outcome expectancy based on high use, low use, and 

control groups (p=0.338) or over time (p=0.105). However, there was a significant increase 

in outcome expectancy at the 10 day follow-up (p=0.038) across all groups that attenuated 

by the end of the study. In the control group this increase was 0.3 points, in high users it was 

1.7 points and in low users it was 0.6 points.

4. Discussion:

In this feasibility/acceptability study, participants with migraine were willing to engage 

in a time limited manner in smartphone/wearable HRV biofeedback. Additionally, while 

improvements in clinical outcomes were not different between the two groups, there was a 

significant difference in improvement in the primary clinical outcome, migraine quality of 

life scores, in high users compared to low users of the HeartMath device.

4.1 Feasibility

On average, participants completed 29 sessions for near 7 minutes/session (duration they 

had been instructed to achieve during enrollment). Many participants completed multiple 

sessions/day, with the mean number of days when more than one session was completed was 

21. This uptake is remarkable given the strong need for preventive therapy in this sample; 

85% had been on at least one type of preventive medication or supplement previously and 

about one third (32.7%, 17/52) had been previously referred for behavioral therapy but had 

not followed through (<12% had tried one of the top evidence-based behavioral therapies).

Coherence scores did not significantly change over time, or with the length of sessions. 

Since coherence is thought to be a mechanism of change for HRV, we had expected to 

see improvement in coherence over time. In this sample, participants appeared to quickly 

pick up the technique, but then demonstrated no further improvements over time. It is also 

important to note that coherence score is a criteria of utilization specific to this technology, 

and future studies might consider external measures from other HRV technologies and 

practitioners. Future studies might also consider utilizing a therapist in combination with 

the HRV biofeedback to ascertain whether the addition of a therapist to contextualize and 

optimize use of HRV can improve outcomes.

In this low cost, low touch study, migraine participants engaged in an mHealth HRV app 

at higher rates than often observed for mHealth therapies. Across mobile applications, 

app use falls to 23% within 3 days, and to less than 10% over 90 days.35 However, 
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despite participants’ willingness to use the intervention in this study, engagement with the 

intervention was still suboptimal - a minority (37%, 7/19) were high users, or used the app 

6 or more times per week in the first week, 3.6 days per week throughout the study period, 

and averaged 64 sessions total, and the majority of participants were low users who did not 

see any improvement in migraine quality of life. Further, engagement with the app dropped 

off for many users after one month: the average number of days between the first and 

last session was 36. Adherence was low likely because this was a low-touch, self-guided, 

smartphone-based study. As there was no therapist present during these practice sessions, 

this study did not capitalize on the common factors that enhance the therapeutic effect 

of most biofeedback interventions for headache, such as the therapeutic alliance.36 While 

attempts have been made to understand this lack of a traditional therapeutic relationship in 

self-guided programs, specifically to determine whether patients develop an attachment to 

the program or application,37 it is unclear if this connection is enough of a relationship to 

affect outcomes in a comparable way to traditional therapeutic relationships.36 Future work 

should enrich the application by employing other engagement factors (such as those used in 

behavioral economics) in an attempt to improve adherence.

The obstacles reported in this study (self-consciousness, difficulty finding time, having a 

migraine limits use, etc.) are not uncommon in wearable/app use. Prior research examining 

wearable technologies has identified feeling self-conscious and concerns over device 

durability as factors that may affect adherence.34,38–41 In our study, participants cited 

difficulty finding time in the day as a barrier, and reported higher levels of success with 

the intervention if a routine was formed. Having a migraine has been previously cited as a 

barrier towards practicing mHealth delivered behavioral therapy.42

4.2 Preliminary Efficacy

Our primary efficacy outcomes were examining the slope for delta MSQv2, and our 

secondary efficacy outcomes were examining the slope for delta PHQ 8, GAD 7 and ISI. 

These outcomes were not significant.

However, when we examine the latent class analysis data (usage data) as part of the 

secondary analyses to better understand how feasibility (usage) might play a role in efficacy, 

compared to baseline, MSQv2 scores were lower by an average of 12.3 points (p=0.01) at 

day 30 and 8.4 points (p=0.06) at day 60 in the high users than the low users, which did not 

see significant changes in scores at either day 30 (p=0.76) or day 60 (p=0.66). Thus, similar 

to other smartphone based behavioral intervention (PMR) for migraine prevention, high 

users of the behavioral intervention had better outcomes.22 In neither our ITT, completer 

analysis nor our latent class analyses were anxiety, depression or insomnia scores changed. 

This contrasts with previous HeartMath studies in other populations which have observed 

positive effects on emotional regulation/mood and anxiety.43–45

Baseline self-efficacy and outcome expectancies were not significantly associated with 

high or low use of the intervention. These cognitive factors are thought to be crucial 

for engagement in, and success of, behavioral treatments for headache. Indeed, prior 

studies of biofeedback for headache have demonstrated that self-efficacy is a key change 

mechanism.46,47 A core difference between these studies is the lack of therapist. Future 
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studies should consider randomizing participants to biofeedback with and without a therapist 

to evaluate in what ways the addition of a therapist modifies the cognitive, affective, and 

physiologic benefits of biofeedback for migraine.

4.3 Role of psychiatric comorbidities

In our study population, 28.8% reported a prior history of depression, 44.4% reported 

a prior history of anxiety, and 30.8% reported a prior history of insomnia. There was 

no group difference in changes in PHQ8, GAD7 or ISI scores in our study. However, 

those who were low users were more likely to have more symptoms of depression; PHQ 

8 scores were on average about 12.5 points lower in high users than low users. These 

results suggest that depression may be a barrier for engaging in self-directed behavioral 

migraine treatments. These results are similar to another smartphone based behavioral 

app intervention for migraine prevention which instead of using HRV biofeedback used 

a PMR behavioral intervention.22 In addition, they are similar to a study using online 

CBT whereby those with lower rates of depression did better.48 In contrast, people with 

depression were highly engaged with, and actually demonstrated larger reductions in 

migraine days and improvements in quality of life over the course of, a minimal therapist 

contact behavioral migraine treatment that included four monthly sessions with a therapist.49 

Future studies should attempt to further elucidate the support needed to promote adherence 

to behavioral treatments for people with migraine and comorbid depressive symptoms. 

Despite demonstrated effectiveness of HRV biofeedback in the treatment of depression,50,51 

anxiety,52 and possibly insomnia,53 the lack of significant changes in these comorbidities 

in our study population may be due to lower baseline depression, anxiety, and insomnia 

measures, and thus less likely to change as compared to studies focused primary on these 

factors.

4.4 Strengths

There are several strengths of this study: 1. This was a RCT assessing HRV biofeedback 

in a scalable, accessible manner. 2. Participants were instructed that they could not change 

their preventive medications so this study would only examine the efficacy of the HRV 

biofeedback. 3. We collected usage data directly from the phone’s application at the exit 

interview so the data was not based on just self-report.

4.5 Limitations

Our study was a convenience sample of people who sought care and were diagnosed with 

migraine in a tertiary care academic headache center. This was a pilot study and as such, 

the sample size was small, and the study duration was brief (2 months). The participants 

were not all naive to nonpharmacologic treatment for migraine as a substantial number of 

the participants had tried nonpharmacologic treatment for migraine previously; almost half 

(46.2%) had tried meditation and acupuncture, and just over a third (36.5%) had previously 

tried yoga. In the study, we did not assess whether changes to preventive medications did 

in fact occur during the study period. In addition, we did not examine whether participants 

incorporated these exercises into their daily lives and completed sessions without using the 

inner balance sensor. Finally, while coherence “levels” could be adjusted within the app to 

create higher levels of difficulty, we were unable to monitor this throughout the study.
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4.6 Future Directions

Future work can examine more dosing considerations and methods to advance adherence. In 

this study, we examined whether brief sessions over time might improve our outcomes. 

Other studies might examine prolonged sessions to assess improvement over time. A 

study in perinatal depression examined the effect of two 30–60 minute sessions with the 

HeartMath sensor on depression.54 Another study with a HeartMath product examined HRV 

for craving for substance abuse. Participants were asked to practice HRV BFB for two 

20-minute sessions each day, on their own for the 3-week study duration.55 Future studies 

might evaluate whether the incorporation of HRV in a relationship with a therapist improves 

outcomes for migraine. Future studies should also evaluate the effects of changing user 

settings for coherence difficulty affect outcomes and whether there might be methods for 

improving adherence to the application, such as gamification or peer support.

5. Conclusions

While this study did not demonstrate efficacy of HRV biofeedback to improve migraine 

quality of life compared to a waitlist control, subgroup analysis suggests adherence to the 

treatment could improve outcomes. Future studies should evaluate the efficacy of HRV 

biofeedback for migraine in the context of a relationship with a therapist, and should 

evaluate methods to improve adherence to biofeedback mHealth apps to improve access for 

people with migraine.
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Figure 1: 
Recruitment Flow Diagram

June 17-October17 2019
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Figure 2a: 
Latent Class Analysis of High versus Low HeartMath Users
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Figure 2b: 
Primary and Secondary Outcomes Based on Latent Class Analysis
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